One of the first steps in the biosynthesis of cholesterol from acetic acid is catalyzed by mevalonate pyrophosphate decarboxylase (MPD). This decarboxylase catalyzes a bimolecular reaction between mevalonate 5-pyrophosphate (MVAPP) and ATP to form isopentenyl pyrophosphate, inorganic phosphate, adenosine-5Ј-diphosphate (ADP), and CO 2 .
and chicken liver. 9) Its properties in rat and chicken have been examined in detail. Toth and Huwyler reported cDNA sequences of MPD from human liver and yeast. 10) The recombinant human enzyme is a homodimer of 43-kDa subunits with 400 amino acids. We recently established a procedure for the purification of MPD from the liver of rats fed a diet containing 5% cholestyramine and 0.1% pravastatin (CP diet) using chromatography and polyclonal antiserum raised against rat MPD.
8)
Epidemiological studies have indicated a negative association between the serum cholesterol level and the incidence of cerebral hemorrhage in humans. 11) Spontaneously hypertensive rat stroke-prone (SHRSP) is a widely used animal model for hypertension and stroke. 12) Iritani et al. reported that the serum cholesterol level in SHRSP was low when compared with that in normotensive age-matched Wistar Kyoto rats (WKY). 13) We previously reported that the low serum cholesterol level in SHRSP as compared with WKY may be attributable to the reduced activity of MPD and not 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase. 14) Moreover, we found that the decline in activity was caused by a reduction in the amount of enzyme in SHRSP. 15) As described above, it is important to understand the mechanism of the decrease in MPD. We are also very interested in whether MPDknockout or MPD-reduced mice experience cerebral hemorrhage. However, information on MPD in normal mice is relatively scarce.
In this paper, we describe a simple procedure for the purification of MPD from mouse liver, the properties of MPD, and a comparison of this MPD with counterparts from other animals.
MATERIALS AND METHODS
Materials Pharmalyte 3-10 for isoelectric focusing and Western blotting detection kits were purchased from Amersham Pharmacia Biotech. Affigel 10 and 15 were obtained from Bio-Rad. RS-[ 3 H] mevalonolactone was purchased from Du Pont-New England Nuclear. Albumin from rat fraction V was purchased from Wako Chemicals. ddy Mice (8 weeks of age) were obtained from Shimizu Experimental Animals. All other chemicals were of reagent grade and purchased from commercial sources.
Radioactive Assay The activities of the crude extract as well as the purified enzyme were measured according to the method of Sawamura et al. 14) Unless otherwise indicated, the reaction mixture consisted of 100 mM Tris-HCl (pH 7.2), 5 mM ATP, 5 16) Purification of MPD in Rats Purification of rat liver MPD was carried out as described by Michihara et al. 8) Preparation of an Affinity Column with Anti-rat MPD Antibody We previously reported that anti-rat MPD antiserum contained albumin antibody. 8) To remove the antibody, we carried out the following procedure. The anti-rat MPD antiserum was applied to a column of Albumin-Affigel 15 (2 mg of albumin/ml of packed gel) equilibrated with phosphate-buffered saline (PBS) containing 0.15 M NaCl (buffer A). The Albumin-Affigel 15 was washed with three column volumes of buffer A. The effluents were applied to a column of MPD-Affigel 15 (0.5 mg of MPD/ml of packed gel) equilibrated with buffer A. The column was washed with buffer A until the absorbance at 280 nm dropped to the baseline level (0.005-0.01). The anti-rat MPD antibody bound to the column was eluted with glycine-HCl (pH 3.0) containing 0.15 M NaCl. The elutant was adjusted to neutral pH by adding 1 M Tris solution and then concentrated with the Amicon Diaflo apparatus to obtain a purified anti-rat MPD antibody. A column of anti-rat MPD antibody-Affigel 10 (0.5 mg of anti-rat MPD antibody/ml of packed gel) was prepared using the purified antibody.
Purification of MPD in Mice Mice livers (8 g wet weight) were washed with buffer B (100 mM sodium phosphate [pH 7.5] containing 10 mM 2-mercaptoethanol, 1 mM EDTA, 1 mM leupeptin, 1 mM pepstatin A, 1 mM antipain, and 1 mM chymostatin), and then homogenized in 3 volumes of ice-cold homogenate buffer (buffer B containing 0.5 mM phenylmethylsulfonylfluolide) using a homogenizer. The homogenate was centrifuged at 100000ϫg for 1 h to obtain a cytosol fraction. The resultant supernatant (cytosol fraction) was applied to the column of anti-rat MPD antibody-Affigel 10 equilibrated with PBS containing 0.15 M NaCl and 10 mM 2-mercaptoethanol (buffer C). The column was washed with buffer C until the absorbance at 280 nm dropped to the baseline level (0.005-0.01). Proteins suspected of being MPD were eluted with 0.5 M NaCl and then concentrated with the Amicon Diaflo apparatus.
Molecular Weight Determination The molecular weight of the purified MPD was determined at room temperature on Sephacryl 300 (1.5ϫ90 cm) equilibrated with 50 mM sodium phosphate (pH 7.0), 0.1 mM EDTA, 10 mM 2-mercaptothanol, and 0.15 M NaCl. The molecular weight markers used were aldolase (158 kDa), bovine serum albumin (BSA; 68 kDa), and ovalbumin (45 kDa).
Isoelectric Focusing Isoelectric focusing was done for 24 h at 4°C in the presence of Pharmalyte (pH 3.0-10.0).
Immunoblotting Western blot analysis was carried out using a detection kit (Amersham Pharmacia Biotech).
Gel Electrophoresis Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was carried out on 10% acrylamide gel as described by Laemmli. 17) Proteins were stained with Coomassie Blue R-250.
Protein Determination Proteins were determined by the method of Lowry et al. 18) with BSA as the standard.
RESULTS
Purification of MPD When the cytosol fraction from mouse liver was subjected to immunoblot analysis using the purified anti-rat MPD antibody, a 46-kDa protein was detected (data not shown). To test the possibility that the 46-kDa protein was MPD or a subunit thereof, we purified it using an affinity column. The protein was obtained from the cytosol fraction of mouse liver using the column of anti-rat MPD antibody-Affigel 10. Table 1 shows the results of the purification. As compared with the MPD in the cytosol fraction, the protein was purified approximately 682-fold with a recovery of 15.7% and a specific activity of 232.7 nmol/min/mg protein. The protein purified from the cytosol fraction exhibited a MW of 46 kDa on SDS-PAGE ( Fig.  1(a) ). We found that the MPD in rats was 1 kDa smaller than the protein in mice. The anti-rat MPD antibody detected the purified 46-kDa protein on immunoblotting (data not shown). These results show that the 46-kDa protein purified from the cytosol fraction of mouse liver was immunologically similar to rat MPD.
Characterization of Mouse MPD As shown in Fig.  1(b) , the molecular weight of the native enzyme as determined on Sephacryl 300 was approximately 100 kDa, indicating a homodimer of 46-kDa subunits. The apparent K m and V max were calculated to be 10 mM and 77 nmol/min/mg, respectively, from Lineweaver-Burk plots (Fig. 1(c) ). The isoelectric point was 5.0, as determined on slab gel ( Fig.  1(d) ). The mouse MPD showed a broad pH (4.0-7.0) de- 
Fig. 1(a). SDS-PAGE of Purified MPD
The relative positions of the molecular weight standards are shown in the left margin. Lane 1, cytosol fraction from mouse liver (10 mg); lane 2, purified mouse MPD (2 mg); lane 3, purified rat MPD (2 mg).
Fig. 1(b). Native Molecular Weight of MPD
Purified mouse MPD (50 mg) was loaded onto a Sephacryl 300 column. The activity in each fraction was measured. The MW of the purified enzyme was determined using the molecular weight standard.
pendency, as assayed in 0.1 M glycine-HCl (pH 3-5) or 0.1 M Tris-HCl (pH 5-10) (Fig. 1(e) ). As shown in Table 2 , Mg could be substituted with Mn or Co with little change in activity. ATP was the only nucleotide required for the activity. Alvear et al. reported that chicken MPD was sensitive to sulfhydryl-directed reagents. 9) Our purified mouse MPD, however, showed 85% activity in the presence of 10 mM iodoacetamide (IAA) ( Table 3) . However, when MPD activity in mice was measured in the presence of 10 mM Nethylmaleimide (NEM), 10 mM 5,5-dithiobis (2-nitrobenzoic acid) (DTNB), and 10 mM p-mercuribenzenesulfonic acid (PCMBS), a decrease of 60%, 40%, and 50%, respectively, was observed.
Immunoprecipitation of MPD MPD in mouse liver extract was immunoprecipitated with the column of anti-rat MPD antibody-Affigel 10 in a dose-dependent manner. More than 80% of the activity was depleted from the extract with an excess of the antibody (Fig. 2A) . When the same amount of crude extract was immunoprecipitated with anti-rat MPD antibody-protein A, more than 80% of the MPD activity was lost with 0.5 mg as well as with 1 mg of the antibody (Fig.  2B) . These results indicate that the purified MPD represents the major active form in crude extract of mouse liver.
DISCUSSION
In studies on the regulation of serum cholesterol, attention has focused on the biosynthesis of cholesterol, in paticular, the effect of reduced MPD activity. We are very interested in whether MPD-knockout mice or MPD-reduced mice experience cerebral hemorrhage. However, information on MPD in normal mice is scarce. MPD has now been purified to homogeneity from mouse liver and characterized. As shown in Table 4 , the apparent K m value for MVAPP of mouse MPD 304 Vol. 25, No. 3 Fig. 1(c) . Kinetics of MPD Purified mouse MPD (2 mg) was incubated with various amounts of MVAPP, after which the initial velocities were estimated. The values are the means of three identical experiments and each varies within 5%.
Fig. 1(d). Isoelectric Points of MPD
The relative positions of the isoelectric focusing standards are shown in the left margin. Purified mouse MPD (0.5 mg) was electrofocused, and the proteins were visualized by silver staining. was similar to that of rat MPD. 6) The subunit structure in the mouse was similar to that in the pig.
5) The native structure of mouse MPD was similar to that of rat MPD.
7) The pI was similar to the value for chicken MPD 9) but lower than that of rat MPD.
8) The optimum pH range was similar to that for the chicken 9) but showed a broad pH dependency as compared with that of the rat.
8) The mouse MPD as well as chicken 9) and rat MPD 6, 8) required ATP as a phosphate acceptor and Mg as a divalent cation, which could be substituted with Mn or Co. MPD in mouse was sensitive to NEM, DTNB, and PCMBS, but not to IAA (Table 3) . From these data, it was suggested that a sulfhydryl group was present at the active center of the enzyme. Biochemical analysis using the crude extract from mouse liver revealed the K m value and optimum pH to be similar to the values obtained for the purified MPD. These results indicate that MPD in mice has essentially the same properties as MPD in rats, 8) expect for a difference in the optimum pH range.
After crude extract had been immunoprecipitated with anti-rat MPD antibody-Affigel 10 (0.5 mg/ml) or anti-rat MPD antibody-protein A (1 mg/0.2 ml), the 46-kDa MPD subunit band of the resultant supernatant in mice was not detected by immunoblot analysis (data not shown). Therefore we consider that the protein with MPD activity (20%) in the supernatant was immunologically different from the MPD of mice. Two types of MPD have been purified from normal rat tissue. Shama Bhat and Ramasarma reported that rat liver MPD was composed of four subunits of 35 kDa each and was unstable when stored at 4°C. 6) On the other hand, Toth et al. 7) reported a homodimer of 45-kDa MPD subunits in rats that was stable at 4°C. It is likely that the activity remaining in the supernatant after immunoprecipitation with anti-rat MPD antibody-Affigel 10 or anti-rat MPD antibody-protein A is from an unstable form of the enzyme like the rat MPD reported by Shama Bhat and Ramasarma. However, no data to support this possibility were obtained. Further study is needed to understand the physiological role of MPD in mice.
In conclusion, we reported the purification and properties of mouse MPD. The findings of the present study will be useful for analyses of MPD-knockout or MPD-reduced mice. 
